Age has always been a dominant theme in discussions about ocular toxoplasmosis, which is the most common infection of the retina in general populations worldwide. Ocular disease caused by Toxoplasma gondii was first described in 1923, in an infant with congenital infection (Jankû 1923) , but it was not until a 1939 report by Wolf et al. that congenital toxoplasmosis with ocular involvement was widely accepted as a human disease. For more than a decade, toxoplasmic retinochoroiditis was thought to be a disease of newborns only. In the early 1950s, suspicion grew in many countries around the world, including Brazil, Germany (Rieger 1951) and Sweden (Wising 1952) , that ocular toxoplasmosis could occur in adults as well. In 1952, a landmark paper by Wilder confirmed the presence of ocular toxoplasmosis in a series of adult patients with retinal lesions. Even so, it was assumed for many years that, among adults, ocular toxoplasmosis was a late sign of (usually asymptomatic) congenital infection. More recently, it has been argued convincingly that most cases of ocular toxoplasmosis are, in fact, attributable to post-natally acquired T. gondii infections (Holland 1999 , 2003 , 2004 , Gilbert & Stanford 2000 .
As we enter a second century of research dealing with T. gondii, there is an appropriate emphasis on parasite genetics as a major determinant of ocular disease severity. Nevertheless, it is important to remember that host factors can also influence disease manifestations; one such factor is patient age. Risk of ocular involvement, as well as the severity of ocular disease when it does occur, varies between different age groups. This article summarizes information from a variety of sources to provide an overview of the relationship between ocular toxoplasmosis and patient age.
The majority of articles cited in this review were identified by searching PubMed for the years 1966-2008, using the following key words: toxoplasmosis, eye, age and elderly. Other articles were identified from the reference lists of articles found by the PubMed search.
Prevalence of disease
The most obvious influence of patient age on ocular toxoplasmosis is the marked difference in prevalence of ocular involvement between those with congenital infections and those who were infected post-natally. The risk of ocular disease among children with congenital T. gondii infections varies, depending on a number of factors, including the trimester of pregnancy when infection occurs and whether or not treatment was administered to the mother during pregnancy, but it has been reported to be as high as 85% (Couvreur & Desmonts 1962 , Stagno et al. 1977 , Wilson et al. 1980 , even among children who have subclinical infections at birth. The high risk of ocular involvement has been attributed to immaturity of the fetal immune system. In some patients with documented infections at birth, ocular lesions may not develop for years after birth (Koppe et al. 1986 ). Late ocular involvement has been attributed to reactivation of tissue cysts that have been present in normal-appearing retina since birth; in such cases, it is only with reactivation that there is a sufficient area of retinal necrosis to be identified clinically.
In general, the prevalence of ocular involvement among people with post-natally acquired infections is much lower than with congenital infections. In the United States, ocular toxoplasmosis is believed to occur in approximately 2% of sero-positive individuals (Holland 2003) . In other areas of the world, the prevalence is higher; in Southern Brazil, for example, where most T. gondii-infected individuals are believed to have been infected after birth, the reported prevalence of ocular involvement is approximately 18% (Silveira et al. 1988 , Glasner et al. 1992 . Similar prevalences of ocular involvement have been reported in several epidemics of T. gondii infection , Burnett et al. 1998 , de Moura et al. 2006 . These higher prevalences have been attributed to infection with more virulent parasite genotypes. Individuals with post-natally acquired T. gondii infections also can first develop ocular lesions (in normal-appearing retina) years later, as with congenital infections , Holland et al. 1999 , Ongkosuwito et al. 1999 , Silveira et al. 2001 . Despite these facts, the cumulative prevalence of ocular toxoplasmosis associated with post-natally acquired infections never approaches the prevalence reported for congenital disease.
The prevalence of ocular toxoplasmosis in a community will therefore depend, in part, on the relative proportion of congenital and post-natally acquired infections. The proportion of congenital infections varies geographically, which has been attributed to variations in the age at which initial T. gondii infections occur in different populations and the proportion of women who remain sero-negative during their child-bearing years, and are therefore at risk for initial infection during pregnancy.
In the United States, the age-adjusted prevalence of individuals with anti-T. gondii IgG antibodies is 22.5%, based on testing of serum collected in conjunction with the Third National Health and Nutrition Examination Survey (NHANES III), performed during the period 1988-1994 (Jones et al. 2001 ). In the United States, seroprevalence increases with age (Jones et al. 2001) . The risk of infection in France appears to be constant across different age groups (Papoz et al. 1986 ) and as a result, seroprevalence in France also continues to increase with age (Carme & Tirard-Fleury 1996) , as in the United States (data also available from the Bulletin Epidemiologique Hebdomadaire thematique 14-15/8 April 2008, Institut de Veille Sanitaire). In contrast to the situation in the United States, 85% of the population in some areas of Southern Brazil is sero-positive and infections tend to be acquired in childhood (Glasner et al. 1992) . Seroprevalence in Panama also rises more rapidly during the childhood years than in older age groups (Sousa et al. 1988) , indicating decreased risk of infection in older individuals. These different patterns might reflect a greater proportion of infections in Panama from soil exposure, which is likely to be more common among children than among adults. By tradition, meat is cooked more thoroughly before eating in Panama than in France (Jones et al. 2001) .
Seroprevalence for T. gondii infection has dropped among women of child-bearing age in the United States from 31.7% in the period 1967 -1969 (Kimball et al. 1971 to 15% in 1988-1994 (Jones et al. 2001) . It is assumed that the same is true for the general population. There has been a substantially greater drop in the prevalence of congenital T. gondii infections during approximately the same interval, from one per 1,000 live births during the 1960's and the 1970's (Kimball et al. 1971 , Alford et al. 1974 ) to 0.8 per 10,000 live births in the 1990's (Guerina et al. 1994) . If one assumes that the frequency of ocular involvement has remained constant with both congenital and post-natally acquired T. gondii infections, then the proportion of patients with ocular disease attributable to post-natally acquired infections is rising. It is also possible that antimicrobial treatment of newborns with congenital T. gondii infection during the first year of life, as advocated by many authorities (McAuley et al. 1994 , Brezin et al. 2003 may actually have lowered the frequency of ocular involvement in this population. Based on such facts, Gilbert and Stanford (2000) have argued that two-thirds of patients with ocular toxoplasmosis in the United Kingdom acquired their T. gondii infections post-natally, based on seroprevalence of T. gondii infection in the general population and rates of congenital disease. Similar arguments have been made for the United States, as well (Holland 1999 (Holland , 2003 (Holland , 2004 .
The distribution of active toxoplasmic retinochoroiditis episodes in relation to patient age has also been a subject of study and has been remarkably similar in many reports (Friedmann & Knox 1969 , Gilbert et al. 1999 , Bosch-Driessen et al. 2002 . Patients in their second through fourth decades of life account for most observed episodes. In 1969, Friedmann and Knox found that the mean age of "initial episodes" of ocular toxoplasmosis in the Eastern United States was 25.3 years (median within the 20-24 year age group; mode 10-14 year age group). In 1999, Gilbert et al. found that the mean age for "first episodes" among patients in England was 26.5 years (mean age for all episodes was 31.1 years). Bosch-Driessen et al. (2002) found that 215 (78%) of 274 observed episodes of active ocular toxoplasmosis in the Netherlands were in patients aged 15-45 years (mean age 31.1 years). Methodological differences make it difficult to compare these series directly, but the fact that the same basic pattern has been reported from different clinical settings during different time periods suggests that there is a true relationship between episodes of active disease and relatively young age.
A number of factors may contribute to the observed patterns. Friedmann and Knox (1969) hypothesized that hormonal changes that occur during adolescence account for a higher rate of recurrent disease. At the time of their report, it was assumed that most observed episodes were recurrences of congenital disease; however, it is now known that, depending on socioeconomic factors, post-natal T. gondii infection can occur throughout childhood (Stagno & Thiermann 1973) . If most cases of ocular toxoplasmosis are actually associated with postnatally acquired infection, the low number of patients with active toxoplasmic retinochoroiditis who are under 10 years of age in the United States and Europe may be attributable to the low prevalence of infection in that age group. Young children who do have active disease may fail to report symptoms, lowering the prevalence of ocular toxoplasmosis identified for that age group.
In some areas of the world, including Southern Brazil, adolescents and young adults are known to have the highest rates of T. gondii infection (Silveira et al. 1988 , Glasner et al. 1992 , which might explain the larger number of observed episodes of ocular disease in those age groups. It is possible that new infections occur most frequently among younger patients in the United States as well. Although the cross-sectional NHANES III study showed a steady rise of seroprevalence with increasing age in the United States (Jones et al. 2001 ), sero-prevalence does not necessarily reflect the age at which infection occurs. If risk of infection is now lower for all age groups than in the past, a cohort effect could explain the reported relationship between seroprevalence and age; higher seroprevalence in older groups would reflect infection that occurred when that cohort was younger and the risk of infection was higher. A drop in the rate of recurrences over time, as discussed below, could then be one contributing factor to the lower number of observed episodes in older age groups. Interactions between age and other factors are complex and will require continued study to understand observed patterns.
Age as a risk factor
Even among those without congenital T. gondii infections, risk of infection and risk of ocular involvement appear to vary with age after birth. A 1976 epidemic that affected many members of a single family in the state of Alabama primarily involved the family's children, possibly related to age-specific activities, such as geophagia .
The substantially lower number of observed episodes of active toxoplasmic retinochoroiditis among older age groups in the publications cited above (Friedmann & Knox 1969 , Gilbert et al. 1999 , Bosch-Driessen et al. 2002 should not be interpreted to mean that the "risk" of ocular disease after recently acquired T. gondii infection decreases with age. An assessment of risk would also require knowledge of the age distribution of the total populations from which the cases were drawn and the seroprevalence for each age group, which was not provided in any of the publications. Data from other studies suggest that older patients actually have a higher risk of ocular involvement following recently acquired T. gondii infection than younger patients. Researchers in the Netherlands, for example, have found that most patients with ocular toxoplasmosis who have serologic evidence of recent infection are older (Ronday et al. 1995 , Ongkosuwito et al. 1999 , Bosch-Driessen et al. 2002 . Patients whose ocular toxoplasmosis was first seen when they had serologic evidence of remotely acquired infection had a mean age of 29.9 years, while patients whose ocular toxoplasmosis was first seen while they had serologic evidence of recent infection had a mean age of 50.6 years (Bosch-Driessen et al. 2002) . Also, patients with primary retinal lesions (defined as those not associated with pre-existing retinochoroidal scars) were older than those with recurrent lesions (Ongkosuwito et al. 1999 , BoschDriessen et al. 2002 . In a 1995 epidemic of T. gondii infection in Victoria, British Columbia, Canada, the mean age of infected patients without retinal lesions was approximately 28 years, whereas the mean age of infected individuals with eye disease was 54 years (Burnett et al. 1998) . Among 22 patients with ocular toxoplasmosis and serologic evidence of recent T. gondii infection in a study by Montoya and Remington (1996) , the mean age was similar (50.2 years; median 51.5 years; range 16-79 years); cases were presumably associated with endemic disease in the United States. The consistency of these various observations strongly suggest that older patients have a higher risk of developing ocular lesions following recently acquired T. gondii infection, although this relationship cannot be confirmed definitively on the basis of these data alone.
Other evidence, from Brazil, supports an increased risk of ocular involvement among older patients following T. gondii infection. In contrast to the North American and European studies cited above (Friedmann & Knox 1969 , Gilbert et al. 1999 , Bosch-Driessen et al. 2002 , the prevalence of ocular disease in Southern Brazil is higher in successively older age groups (Glasner et al. 1992) . Another, more recent study from Brazil showed that older age was the major risk factor for ocular disease among household members infected with T. gondii (Portela et al. 2004) ; the prevalence of ocular toxoplasmosis was significantly higher among those older than 50 years. Age has been among the epidemiologic risk factors for early development of ocular lesions among individuals with serologic evidence of recently-acquired T. gondii infection in Southern Brazil. In a retrospective study from the area of Erechim, Brazil, the risk of developing retinal lesions during the first two years after post-natally acquired T. gondii infection was greater among patients older than 40 years of age than among those who are younger (p = 0.095, Kaplan-Meier analysis; Claudio Silveira MD, un- 
Disease manifestations
Among those with ocular toxoplasmosis, age is one of several host factors that are believed to influence severity of ocular toxoplasmosis (Holland 2004) and it is generally believed that ocular toxoplasmosis is a more severe disease at the extremes of age. Although ocular involvement is more common among patients with congenital infections, it is less well established that ocular findings in this population are different than those seen in patients with post-natally acquired infections.
The presence of macular lesions has traditionally been considered to be a sign of congenital toxoplasmosis, but more recent studies show that the presence of macular lesions does not distinguish reliably between congenital and post-natally acquired infections. Macular lesions are present in at least 38% of patients with serologic evidence of post-natally acquired infection in Southern Brazil (C Silveira, unpublished observations). Bosch-Driessen et al. (2002) showed a high prevalence of macular lesions among patients with known congenital infections [11 (46%) of 24 eyes], but in only a small proportion of their patients was it known whether infection had been congenital or post-natally acquired. This percentage was reported to be statistically higher than the percentage for all other patients in the series, but was not confirmed to be statistically higher than the percentage for those known to have post-natally acquired infections [4 (21%) of 19 eyes; p = 0.116, Fisher exact chi square test].
There are some data to suggest that the location of lesions does not occur as a random event. Mets et al. (1996) showed that 52 (58%) of 89 newborns with congenital T. gondii infection and ocular disease had macular lesions, which is substantially higher than the number expected if lesions were distributed randomly, considering the fact that the anatomic macula comprises only approximately 5% of the total retinal area. Other investigators have also shown a disproportionately high frequency of macular lesions among patients with ocular toxoplasmosis (Hogan et al. 1964 , Friedman & Knox 1969 , Dodds et al. 2008 ). Congenital T. gondii infection at an early stage of retinal development could favor macular involvement (before vascularization of the peripheral retina is complete). Anatomic and microvascular differences between the macula and the peripheral retina might create a microenvironment that also influences the location of lesions following either congenital or post-natally acquired infections. For example, a study of post-mortem eyes from individuals with no known ocular disease or immune systemic dysfunction showed that macrophages, which participate in host defenses against T. gondii infection, were significantly less common in the macula than in the peripheral retina (Yang 2000) .
The emphasis on severe ocular disease in patients with congenital toxoplasmosis that can be found in the medical literature may, in part, be a function of ascertainment bias; patients with congenital toxoplasmosis can also have mild ocular disease, but such cases may not come to the attention of physicians. Because of the broad spectrum of ocular findings, and because congenital toxoplasmosis does not seem to be associated with any unique ocular findings, clinical characteristics do not reliably distinguish between individual patients with congenital and post-natally acquired T. gondii infections.
Older patients may have not only a higher prevalence of ocular involvement, but ocular disease of greater severity as well. Among 34 reported patients described in two publications that focused specifically on older patients (mean age 67.1 years; median age 67.5 years; range 50-87 years), at least 22 patients had severe disease in terms of multiple active lesions, large lesions [> 3 disc areas (DA) in size], prolonged disease (> 8 weeks in duration) or a combination of these factors (Johnson et al. 1997 , Labalette et al. 2002 . In addition, 20 patients (59%) did not have pre-existing retinochoroidal scars and at least 14 patients (41%) had anti-T. gondii IgM antibodies, suggesting that infection was recently acquired. Thus, the severity of disease could not be attributed to the cumulative effect of many years of recurrences in this older population.
The two series described above are subject to reporting bias, but various other studies that did not select patients on the basis of age also suggest that older patients have more severe ocular disease. Additional analysis by Holland (2004) of data published by Friedmann and Knox (1969) showed that fewer of their patients aged 20-39 years had loss of "useful vision" (p = 0.099, Fisher exact chi square test) and a greater proportion of them had brief episodes of disease (shorter than the mean duration of all episodes, p = 0.079) than either younger or older patient groups. Almost twice as many patients older than 40 years of age had prolonged episodes when compared to patients aged 20-39 years (46% vs. 24%, respectively). In other studies, patients with extensive necrotizing retinopathies, found eventually by PCR or intraocular antibody production to be caused by T. gondii infection, tend to be either immunosuppressed or elderly (Fardeau et al. 2002 , Moshfeghi et al. 2004 .
Severe ocular toxoplasmosis in elderly patients has been attributed to alterations in host immunity (Johnson et al. 1997) . Aging is associated with complex changes in both adaptive and innate immune mechanisms that increase the prevalence and severity of many infections in the elderly (Pawelec et al. 1998 , Grubeck-Loebenstein & Wick 2002 ; changes involve lymphocytes, natural killer cells, macrophages and cytokine production, all of which are known to be involved in host defenses against T. gondii.
In an international, multi-center study of 210 patients with active toxoplasmic retinochoroiditis (not selected on the basis of age), there was a relationship between age and lesion size (Dodds et al. 2008) . Patients with lesions > 1 DA in size were older [mean ± standard deviation (SD), 36.9 ± 16.8 years] than those with lesions ≤ 1 DA in size (mean ± SD, 30.7 ± 13.0 years, p = .006). When patients were categorized into age groups (0-19 years; 20-39 years; 40-59 years; ≥ 60 years), there appeared to be a threshold effect with patients ≥ 60 years of age having a significantly higher percentage of lesions > 1 DA in size (77% vs. 42% for patients < 60 years of age; p = .020). A relationship between older age and the area of "scarring" could be explained by a history of progressive enlargement in older patients having long-standing disease and multiple reactivations, but such factors would not explain a relationship between age and the area of disease activity during a recurrence. It is more likely that the relationship reflects waning immunity among elderly patients, with a decreased ability to limit the proliferation of parasites. There also was a relationship between patient age and signs of inflammation. Eyes with more severe vitreous humor cells and vitreous humor haze were slightly older than those with less severe scores [mean ± SD, 35.6 ± 15.4 years vs. 31.0 ± 14.4 years, respectively, for cells (p = 0.056) and 36.2 ± 15.5 years vs. 31.5 ± 13.4 years (p = 0.047), respectively, for haze]. When age was considered as a categorical variable, the relationship between age and severity of vitreous humor inflammation remained highly significant for cells; there was an apparent threshold effect, with patients under 20 years of age having less severe vitreous humor inflammation (p < .001). Holland (2004) had previously hypothesized that waning immunity may limit the severity of inflammatory reactions associated with retinal infections in older patients, but these results did not support that hypothesis. Multivariate analysis showed that the observed relationship between older age and more severe inflammation could not be attributed to an indirect effect of larger lesions among older patients.
Recurrences
A hallmark of ocular toxoplasmosis is the recurrence of active retinochoroiditis from tissue cysts that remain in the retina after initial infection with T. gondii. Recurrences usually occur at the borders of retinochoroidal scars, which mark the sites of previous episodes of active disease. The factors that precipitate or facilitate a recurrence are not known, but in a study of 143 patients with toxoplasmic retinochoroiditis in the Netherlands, it was shown that recurrence risk was highest immediately after an episode of active disease, then decreased with increasing disease-free intervals after the episode . That risk was influenced further by patient age at the first episode of ocular disease and by patient age at the time of the active episode under consideration. Relative risk (RR) of recurrence declined 15% [RR 0.85 (95% confidence interval 0.71-1.01), p = 0.06] for each 10 year increase in age at first episode. Patients older than 40 years of age at the time of an active episode were at higher risk of recurrence after an active episode than younger patients [RR 1.74 (1.06-2.86), p = 0.03]. Increased risk among older patients may be related to waning of host immunity, as discussed above, with decreased surveillance and control of infection from parasites that emerge from tissue cysts.
In clinical practice, recurrences are seen "less commonly" among older patients with toxoplasmic retinochoroidal scars than among young patients with such scars. A study from Switzerland, for example, found that significantly more recurrences were seen among patients less than 30 years of age than among older individuals (Garweg et al. 2008) . In fact, univariate analysis of the Dutch cohort also showed that older age at an active episode was associated with a reduced risk of subsequent recurrence. This apparent contradiction can be explained by the complex interaction between age at first episode and age at any subsequent, active episode. These ages are obviously linked by the interval between first episode and recurrence. In the Dutch cohort, risk of recurrence declined 72% , p < 0.001] with each 10 year interval since first episode. Most individuals are infected at a young age and the apparent protective effect of older age actually reflects the strong, protective effect of longer duration since first episode. The increased risk of recurrence associated with older age at an active episode was revealed in the Dutch study when multivariate analysis adjusted for duration since first episode.
The fact that older age at first episode had a weakly protective effect while older age at any given episode (most of which were recurrences in the Dutch cohort) was associated with mores recurrences suggests that risk of recurrence differs after episodes associated with initial infection and subsequent, recurrent episodes, on the basis of factors other than age-related changes in immune function or duration of infection. These factors have yet to be elucidated, but they may still be age-related in some way. For example, it is possible that younger individuals are at increased risk for recurrences following initial infection because of age-specific activities that lead to ingestion of more parasites and thus, a greater parasite burden in the retina, or because of age-specific activities that result in exposure to sources contaminated by more virulent parasite genotypes. Variations in innate immunity might also influence both age of infection and parasite burden after ingestion. The interaction of age-related factors contributes to the variability of recurrence patterns observed by clinicians and interpreted previously as randomness.
Current implications and future research
Although many of the studies cited in this review show only weak associations, collectively they provide compelling evidence that host age influences risk for ocular involvement, its clinical manifestations and the course of disease. These associations have important implications for prognosis and disease management. For example, long-term, intermittent antimicrobial treatment has been shown to reduce the incidence of recurrences in high-risk populations (Silveira et al. 2002) . Elderly patients may be one group that would benefit from that type of secondary prophylaxis. Toxoplasmic retinochoroiditis is usually treated with a finite course of one or more antimicrobial drugs, to hasten the resolution disease activity, and concurrent oral corticosteroids, to reduce the risk of tissue damage by the associated inflammatory response. Large lesions of long duration in elderly patients may reflect prolonged replication of parasites, possibly because of impaired immune function; it may therefore be prudent to withhold concurrent corticosteroids in such cases, to avoid further suppression of host defenses.
There are substantial limitations to past studies, including lack of controls, small sample sizes and the possibility of ascertainment bias; also, past studies are difficult to compare in the absence of standardized measures to describe disease manifestations and outcomes. Additional studies will therefore be important to confirm previous findings; to reconcile the results of some studies that are in conflict with one another; and to expand our understanding of the ways in which host age influences ocular toxoplasmosis. Questions to be addressed include the following: Of particular importance will be controlled studies that compare disease characteristics in unselected populations of elderly patients to younger populations. There will be a need in such future investigations for standard measures to describe disease manifestations and outcomes, which will facilitate comparisons between studies. It may also be important to consider patient age as a confounding variable in any study that compares disease manifestations or response to treatment between groups and adjust analyses accordingly.
In the series of 154 patients reported by BoschDriessen et al. (2002) , the time at which infection was acquired remained undetermined in 124 patients, as mentioned above. Knowledge regarding the timing of infection is not necessarily important for the short-term management of individual patients with recurrent toxoplasmic retinochoroiditis and there is as yet no information as to whether the long-term prognosis for involved eyes differs depending on whether patients were infected congenitally or post-natally. Nevertheless, because congenital and post-natally acquired infections are associated with different risks of ocular involvement, continued study of these two populations of patients (as well as studies of the relationship between ocular toxoplasmosis and patient age among individuals with post-natally acquired infections) may provide clues about disease mechanisms that result in toxoplasmic retinochoroiditis, as well as information that is relevant to treatment and disease prevention.
